INTRODUCTION
Allergic airway disease and bacterial infection independently affect millions of people world-wide, causing significant mortality and an associated high economic burden. Streptococcus pneumoniae ( S. pneumoniae or pneumococcus) is a Grampositive bacterium commonly found as a commensal of the nasopharynx but is the leading cause of morbidity and mortality among children, 1 being more prevalent in asthmatics. 2, 3 The outcome of infection is most commonly pneumococcal pneumonia, but meningitis, sepsis, and otitis media are also prevalent. Once invasive, the prognosis is poor, leading to bacteremia and meningitis. Complications due to lung pneumococcal infection usually occur in a background of other conditions, including underlying chronic disease, a disruption of the lung microenvironment by viral infection, or immune deficiencies. S. pneumoniae , Haemophilus influenzae , and Moraxella catarrhalis are also found during exacerbation of asthma, 4 and the response of asthmatics to antibiotics suggests the importance of acute and chronic bacterial infections in the pathogenesis of disease. 5 Signaling via Toll-like receptor (TLR)-2, 4, and 9 (recognizing bacterial lipoteichoic acid, pneumolysin, and bacterial DNA, respectively) is important for initiation of innate inflammation and recruitment 6 via release of interleukin (IL)-12, IL-17A, IL-18, IL-6, IL-8 and especially tumor necrosis factor-and IL-1 to a pneumococcal infection. These cytokines are central to neutrophil recruitment, intracellular killing of bacteria via nuclear factor-B RelA activation, 7 and the development of adaptive immunity, including neutrophilrecruiting Th17 cells (for reviews, see Paterson and Orihuela, 6 Malley, 8 and Kolls 9 ). However, the Th2 cytokine -dominated environment of the allergen-exposed lung may impede activation of appropriate innate pathways. For example, IL-33 is highly expressed in the asthmatic lung, but upon binding its receptor ST2L the TLR adaptor protein MyD88 is recruited 10 and may therefore compete with pathways promoting antibacterial immunity.
We hypothesized that the allergen-exposed lung is unable to mount sufficient antipneumococcal responses and aimed to define the altered molecular mechanisms leading to this in the murine model of house-dust mite (HDM) -induced allergic airway disease. Also, 50 -85 % of asthmatics are HDM allergic, and it is therefore a clinically relevant allergen to use, that, unlike ovalbumin, does not require intraperitoneal priming. 11 We show that S. pneumoniae becomes fatal following airway exposure to HDM owing to impeded recruitment of neutrophils caused by (i) a desensitization of TLRs, (ii) an upregulation of endogenous negative regulators of TLRs (A20, IRAK-M, TOLLIP), Altered regulation of Toll-like receptor responses impairs antibacterial immunity in the allergic lung M Habibzay 1 , JI Saldana 1 , J Goulding 1 , CM Lloyd 1 
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The lung is colonized by commensal bacteria, some of which are associated with asthma exacerbations. Using the intranasal house-dust mite -sensitized mouse model of allergic airway disease, we show an imbalance in novel antibacterial pathways that culminates in a reduction in neutrophil recruitment to the airspaces and leads to bacterial invasion and dissemination. The expression of TREM (Triggering Receptor Expressed on Myeloid cells)-1 that amplifies Toll-like receptor (TLR) signaling and TREM-2 that inhibits this process is reversed. Furthermore, endogenous TLR inhibitors (A20, Tollip, SOCS1, and IRAK-M) and proteins involved in receptor recycling (TRIAD3) are raised. Consequently, the production of neutrophil chemoattractants is reduced. Intranasal administration of either chemokine restores the ability to recruit neutrophils, which prevents bacterial invasion. A background of allergic airway disease therefore exacerbates bacterial infection by altering key antibacterial innate immune pathways that are amenable to therapeutic intervention.
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(iii) a preference for TREM (Triggering Receptor Expressed on Myeloid cells)-2 expression that inhibits TLR signaling rather than TREM-1 that promotes, and ultimately (iv) a reduction in neutrophil chemoattractants. Furthermore, despite the complexity of antibacterial pathways that are disrupted, the therapeutic re-introduction of a single chemokine to mice exposed to HDM allergen enables clearance of S. pneumoniae that would otherwise prove fatal. Knowledge of antibacterial pathways disrupted in allergic airway disease provides avenues for therapeutic manipulation and more focused management of patients with this condition.
RESULTS
The protocol used for development of allergic airway disease is shown in Supplementary Figure S1 online in the online data supplement, with bacteria administered intranasally (i.n.) 72 h after the last HDM exposure. The dose of bacteria used causes a self-limiting infection in BALB / c mice that is cleared within 48 h without any visible signs of clinical illness. In allergic mice, we first ascertained that the standard hallmarks of airway disease were present by sampling mice before bacterial challenge. Intranasal administration of HDM three times a week for 3 weeks resulted in increased mucus production (seen in histology by periodic acid-Schiff staining; see Supplementary Figure S1B online), and increased airway and lung cellularity (see Supplementary Figure S1C online) and eosinophils (see Supplementary Figure S1D online) as described before. 12 S. pneumoniae administered into this environment ( Figure 1a ) persisted in the airway and lung, and even disseminated to the blood, but was undetectable in any compartment at 48 h in phosphate-buffered saline (PBS) / S. pneumoniae control mice ( Figure 1b ). Enhanced mucus production was once again observed in HDM-sensitized mice before bacterial infection, which became even more evident following infection ( Figure 1c,d and see Supplementary Figure S2 online). The absence of mucus production in PBS / S. pneumoniae mice suggests that bacteria enhance a pathological feature that is already present.
Enhanced airway ( Figure 1e ) and lung ( Figure 1g ) cellularity is observed in the HDM-sensitized mice before bacterial infection compared with PBS controls, as expected (denoted by the zero-hour time point). Cellular expansion from this baseline occurs in the PBS-sensitized mice following S. pneumoniae challenge. However, the cellularity of the HDM-sensitized airway and lung either reduces or remains the same following S. pneumoniae infection, suggesting a blunted response to this infectious organism. This is more clearly seen when the change in cellularity in the airway ( Figure 1f ) and lung ( Figure 1h ) is expressed as a percentage of the baseline at day 0 (72 h following cessation of HDM or PBS sensitization). Once again, cellularity to S. pneumonia increases in PBS-but not in HDMsensitized mice. In the airspaces, cellularity from baseline is even reduced by S. pneumoniae infection ( Figure 1f ), which can be explained by a reduction in eosinophils and CD4 + T cells in both the airway and lung (see Supplementary  Figure S3 online). Neutrophils are an important cell type in antibacterial immunity. We next examined whether their recruitment was affected by prior HDM exposure. Upon bacterial infection, the rapid neutrophil accumulation seen in the airspaces and lung of PBS control mice was blunted in previously HDM-sensitized mice ( Figure 2a,b ) . The reduced airway neutrophil count was not due to a defect in their release from the bone marrow into the blood (see Supplementary Figure S4 online), but was associated with reduced levels of soluble tumor necrosis factor, IL-6, CXCL1 (KC), macrophage inflammatory protein (MIP)-2, and matrix metalloproteinase 9 (MMP-9) in airway lavage fluid ( Figure 2c -g ). The maximum levels of these cytokines in the HDM group alone are shown at the day 0 time point, after which they reduced to negligible levels. Though total protein levels of KC were similar at 4 h following S. pneumoniae infection, analysis of the epithelium by immunohistochemistry revealed a reduction in epithelial cells from HDM-sensitized mice ( Figure 2h ), whereas KC production in PBS-sensitized mice is clearly seen in epithelial cells ( Figure 2h , arrow). Of the neutrophils ( Figure 3a ,b ) and resident CD11c + alveolar macrophages ( Figure 3c,d ) recruited to or remaining in the HDM-sensitized airway, fewer of them expressed TLR-2, which is responsible for recognizing S. pneumoniae lipoteichoic acid (see Supplementary Figure S5 online).
IL-17A is an important stimulus for granulocyte-colonystimulating factor secretion, which is essential for production of neutrophils. Furthermore, endothelial cells activated by IL-17A can release KC and MIP-2 that activate and recruit neutrophils. The major IL-17A -producing cells are T cells, CD4 + Th17, and natural killer T cells. 13 As reported previously, 14 IL-17A -producing CD4 + and TCR -expressing T cells were elevated in the HDM-sensitized airway compared with PBS / S. pneumoniae controls (see Supplementary  Figure S6 online). Forty-eight hours after bacterial infection, the numbers of these cells were indistinguishable from control PBS-sensitized mice or mice sensitized with HDM but without bacterial infection. Furthermore, we did not observe any significant difference in IL-17A concentration in bronchoalveolar lavage fluid (see Supplementary Figure  S6 online). The difference in neutrophil recruitment between control and HDM-sensitized mice following S. pneumoniae infection cannot, therefore, be due to defective IL-17A production. Furthermore, we did not observe any differences in antimicrobial peptides in airway lavage and only a partial decrease in C-reactive protein in HDM-sensitized mice (data not shown and see Supplementary Figure S7 online).
HDM exposure reduces pathways that promote, and increases pathways that inhibit, TLR responses
TREM-1 is expressed on neutrophils and monocytes and serves as a critical amplifier of inflammatory signaling via TLRs. 15 The reduced production of inflammatory cytokines may relate to the significantly lower expression of TREM-1 we observed on neutrophils ( Figure 3e ,f ) 78 h after the last HDM, compared 
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with PBS, exposure. This coupled with reduced TLR2 expression may prevent neutrophil recruitment / activation in the HDM-sensitized airway. TREM-2 has, in the past, been attributed a role in osteoclastogenesis and is thought to inhibit TLR responses. However, recent studies imply that it is also a phagocytic receptor for bacteria. 16 A transient increase in TREM-2 -expressing airway macrophages was observed in HDM-sensitized mice 78 h following HDM cessation ( Figure 3g,h ). However, if TREM-2 is a bacterial receptor in this setting, the increase is clearly not enough to overcome the 
defect in other antibacterial defences. The reduced inflammatory cytokines and TLR expression may be due to the upregulation of endogenous negative regulatory pathways. Reverse transcriptase -PCR analysis of whole-lung homogenates shows that the TLR signaling inhibitors A20 (that restricts TLR responses by regulating the ubiquitination of key signaling proteins such as Traf6 17 ), IRAK-M (that binds to MyD88 and TRAF6, blocking TLR action by stabilizing the signaling complex 18 ), and Tollip (that interacts with IL-1R, TLR2, and TLR4 to prevent cell activation and inhibits IRAK autophosphorylation 19 ) are all increased in HDM-compared with PBS-sensitized mice. Furthermore, TRIAD3A (an E3 ubiquitin -protein ligase that enhances ubiquitination and proteolytic degradation of some TLRs) was also increased ( Figure 3i ), though it has not yet been shown to act on TLR2. 20 Inhibition of TLR responsiveness can also occur by the upregulation of receptors that recruit similar adapter molecules to initiate signaling. In this respect it is interesting that the IL-33 receptor, ST2L (associated with development of allergic airway disease), that recruits the TLR-signaling adapter MyD88 10 is raised on CD11c + airway macrophages ( Figure 3j ) together with the negative regulator CD200R ( Figure 3k ) in the HDM-sensitized lung at the onset of bacterial infection.
Instillation of KC / MIP-2 to the HDM-exposed lung restores antibacterial immunity
The HDM-exposed lung is clearly deficient in multiple factors required for clearance of S. pneumoniae , and this deficit likely occurs at the level of innate recognition and responsiveness of TLRs. We therefore attempted to bypass this deficiency by restoring the neutrophil chemoattractants, KC or MIP-2. Intranasal administration of KC 72 h following cessation of HDM ( Figure 4a 
Exacerbation of bacterial infection wanes without re-exposure to allergen
In order to determine whether the timing of bacterial exposure is critical, mice were exposed to HDM on alternate days for 3 weeks and 3, 7, 10, or 14 days after the last HDM exposure infected with S. pneumoniae ( Figure 5a ). Invasion of lung tissue with bacteria was lost after an absence of HDM for 7 days. The proportion of mice harboring bacteria at 48 h after S. pneumoniae infection also reduced after day 3, but never reached the condition experienced by PBS-exposed mice ( Figure 5b ). The improvement with increasing time post allergen exposure was associated with a return in the ability to recruit neutrophils to the airspaces ( Figure 5c ) and a decrease in eosinophils ( Figure 5d ). This suggests that allergen exposure causes increased susceptibility to invasive bacterial infection within a specific time window, and that allergen load may be a factor in determining the seriousness of concomitant bacterial infection.
DISCUSSION
Our results show that the allergen-exposed lung is defective in its ability to respond to bacteria, due to the upregulation of endogenous TLR-negative regulators and pathways that compete for intracellular adapters (e.g., sequestration of MyD88 by the IL-33 receptor, ST2L) and an imbalance in pathways designed to support (TREM-1) or inhibit (TREM2, CD200R) TLR signaling. This culminates in an inability to recruit neutrophils and ultimately results in bacterial invasion and bacteremia. Obviously we are presenting the worse-case scenario as we instil a bacterial innoculum that causes a self-limiting infection in BALB / c mice (in C57BL / 6 mice lower innocula produce a similar effect). In patients, bacteria may be encountered in the environment or from the commensal flora at lower concentrations. Our data do not represent a simple imbalance of Th1 / Th17 vs. Th2 cytokines, but a specific alteration at the level of innate immunity to the bacteria. Indeed, we were surprised by the lack of involvement of IL-17A in our study, as this cytokine is involved in neutrophil recruitment in another lung allergic / infection model. This latter study, however, examines H. influenzae administered during ovalbumin peritoneal sensitization, but before allergen challenge, and does not examine the effect of allergy on bacterial clearance. 21 The novel alterations in antibacterial immunity that we identify are all amenable to therapeutic manipulation, which may reduce the symptoms of allergy in addition to restoring the ability to respond to bacteria. Despite the variety of alterations in innate immunity, KC or MIP-2 administered directly to the allergen-exposed lung reverses bacterial susceptibility, and neutrophil recruitment is restored. This suggests that the most important influence of HDM with regard to subsequent bacterial infection is at the level of cells required to produce neutrophil chemoattractants (most likely airway epithelium and / or luminal macrophages) and is supported by an early reduction The level of different RNA transcripts, as indicated, was assessed by real-time PCR. All values were normalized against the expression of 18S and then to a control (PBS) sample. Percent of CD11c + macrophages expressing ( j ) ST2L or ( k ) CD200R was determined by flow cytometry. Data presented as box and whisker plots with the median of n = 5 mice in two independent experiments. * P < 0.05 ; * * P < 0.01. S.pn, Streptococcus pneumoniae .
in MIP-2 and MMP9 followed by a later effect on neutrophil numbers. This desensitization of innate immunity in the allergic lung is remarkably similar to bacterial susceptibility following influenza infection, where again TLR-negative regulators are enhanced, leading to reduced neutrophilia and bacterial dissemination, 22 -24 
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follows significant inflammation, whether driven by an allergen or a virus. We do not suggest that this occurs in all inflammatory situations, but occurs only in those most severely affected. Though desensitization and bacterial complications reduce as the time to last allergen exposure increases, susceptibility above non-allergic mice remains. Many studies imply that bacterial infection causes exacerbation of more chronic Th2-driven asthma in adults 25 -27 and acute wheezy episodes in children. 28 -30 Sequencing of bacterial 16s ribosomal RNA in patients with asthma shows that Prevotella, Neiserria, Streptococcus, Moraxella, and Haemophilus species dominate. 31 However, the response of patients with established Th2-driven asthma to antibiotics such as the ketolide antibiotictelithromycin suggests that acute and chronic bacterial infections may have a significant role in asthma exacerbation. 32 We now show, in a more transient Th2 model of HDM-induced airway inflammation, that the underlying condition may actually cause an exacerbated bacterial infection, 33 ,34 similar to 
the observed downregulation of TLR2 and IL-6 and delayed clearance of Mycoplasma pneumoniae in ovalbumin-exposed mice. Furthermore, SPLUNC1 (short palate, lung, and nasal epithelium clone 1) protein is produced by epithelial cells and is thought to possess antibacterial properties, but is reduced in mouse models of allergy, 35 though we did not observe this reduction in HDM-induced airway inflammation. Asthma is a chronic lung condition characterized by persistent Th2-driven eosinophilia with a greater than twofold increased risk of invasive pneumococcal disease, and with an estimated population-attributable risk of 11 % where S. pneumoniae has been described. 3 Furthermore, a retrospective study found an attributable bacterial risk of 17 % . 36 Therefore, underlying Th2 conditions, whether transient or chronic, may impede antibacterial immunity. However, it should also be noted that bacterial colonization is observed before the development of Th2-associated airway disease. Asymptomatic neonates whose throats are colonized with S. pneumoniae , H. influenzae , or M. catarrhalis are at increased risk for recurrent wheeze and asthma early in life. 37 The role of bacteria in the initiation of allergic airway disease and in its exacerbation are likely to be very different; for example, an influence of bacterial proteases in the former and bacterial outgrowth in the latter.
In our study, we focus on TLR2 responsiveness in the allergen-exposed lung as bacterial LTA is the primary PAMP and is recognized by it. We cannot, however, rule out an effect on other TLRs and related molecules. Both Der p1 and S. pneumoniae mediate TLR4 signaling that is regulated by a number of the inhibitors we measured. The phenomenon of TLR cross-tolerance is a process whereby TLR-activated cells are, for a short period of time, refractory to subsequent TLR stimulation. 38 Der p2 and Der p7 have structural and functional homology with MD-2; the lipopolysaccharide-binding component of the TLR4 signaling complex 39, 40 and HDM extracts are known to contain low levels of lipopolysaccharideand so it is possible that we may be looking at a similar refractory effect via TLRs alone. Cross-tolerance, however, is only reported to last for a few hours, whereas bacterial invasiveness of the allergen-exposed lung lasts for days and their persistence in the airspaces for weeks.
Neutrophils are clearly important in lung antibacterial immunity as their absence leads to lethal S. pneumoniae infection. 41 A reduced number of neutrophils may compound the problem, as their production of MMP9 is required to enhance the chemotactic activity of CXCL8 (IL-8) via cleavage 42 and MMP9-deficient mice succumb to abdominal sepsis. 43 It is, therefore, interesting that we observed decreased MMP9 in mice with HDM-induced allergic airway disease. Furthermore, neutrophils secrete IFN-in the early response to S. pneumoniae infection in mice 44 and thus may assist the development of appropriate T-cell and antibody subtypes, in addition to their release of reactive oxygen species, antimicrobial proteins, and neutrophil extracellular traps. 45 -47 The data presented here show that allergenexposed mice have a fundamental inability to mount effective bacterial clearance. The discovery of the molecular mechanism behind this defect will enable development of specific therapy to limit the physiological consequences. The bacterial titer from the airway, lung, and blood at the time points specified was determined by counting colonies from serial tenfold dilutions of single-cell suspensions that had been plated on Columbia blood agar supplemented with 5 % defibrinated horse blood. The total number of colony-forming units per tissue was determined as the number of colonies × the dilution factor × the original cell suspension volume.
Cell recovery and isolation . Bronchoalveolar lavage, lung tissue, and serum were harvested as described previously. 22 Briefly, blood clotting was prevented using 100 U ml − 1 heparin. The lungs were inflated three times with 1.5 ml 1 m M ethylenediaminetetraacetic acid in Hank ' s buffered salt solution via an intratracheal cannula, centrifuged for 5 min (min) at 240 × g , and the supernatant stored at − 80 ° C. Lung tissue was finely minced and digested for 30 min at 37 ° C, while agitated with Liberase (Roche, West Sussex, UK, 0.4 Wunsch units ml − 1 ) and DNase (Roche, 50 g ml − 1 ). This digested preparation was disrupted to a single-cell suspension by passage through a 100-m sieve (BD Labware, Franklin Lake, NJ), spun for 5 min at 240 × g , and red blood cells lysed by resuspending pellets in 0.15 M ammonium chloride, 1 M potassium hydrogen carbonate, and 0.01 m M ethylenediaminetetraacetic acid, pH 7.2 for 3 min at room temperature before spinning (240 × g for 5 min) and washing with RPMI with 10 % fetal calf serum (R10F). Airway and lung cell viability was assessed by trypan blue exclusion and cells resuspended in R10F at 1 × 10 6 cells ml − 1 . In some experiments, a lung lobe was fixed with 10 % neutral-buffered formalin in PBS and embedded in paraffin wax and subsequently 4-m sections were stained as described below.
Flow cytometry . Single-cell suspensions were stained for surface markers and intracellular cytokines as indicated in the text in PBS containing 0.1 % sodium azide and 1 % bovine serum albumin (PBA) for 30 min at 4 ° C and fixed with 2 % paraformaldehyde. Neutrophils were identified as Ly6g + , F4 / 80 − , CD11c − , CD11b + , Siglec F − . To detect intracellular cytokines, 10 6 cells ml − 1 were incubated with 50 ng ml − 1 PMA, 500 ng ml − 1 ionomycin (Calbiochem, Nottingham, UK), and 10 g ml − 1 brefeldin A for 3 h at 37 ° C. Cells were then stained with anti-CD4 and anti-CD8 and fixed as described above. After permeabilization with PBS containing 1 % saponin / 1 % bovine serum albumin / 0.05 % azide (saponin buffer) for 10 min, cells were stained with anti-IL-17A (eBioscience, Hatfield, UK) diluted 1:50 in saponin buffer. Thirty minutes later, cells were washed once in saponin buffer and once in PBA. All antibodies were purchased from BD Pharmingen (Oxford, UK), R & D Systems (Abingdon, UK), or eBioscience, UK. Data acquired on a BD FACS Canto II and 30,000 lymphocyte or myeloid events analyzed with the FlowJo (Treestar, Ashland, OR) analysis programme.
Forward scatter and side scatter gates were used to exclude debris in organ homogenates. In some experiments, dead cells were excluded using a fixable near-IR dead cell stain kit for 633 or 635-nm excitation (Invitrogen, Paisley, UK; L10119).
Histological analysis . Paraffin-embedded sections were stained with hematoxylin / eosin to evaluate general morphology. Goblet cells were visualized on periodic acid-Schiff -stained lung sections and scored as previously described. 48 Hematoxylin / eosin and PAS staining were done by Lorraine Lawrence, Imperial College London. Image analysis was performed using Scion Image (Scion, Frederick, MD). 49 For KC analysis, papaffin-embedded lung sections were incubated with goat anti-mouse KC IgG (15 g ml − 1 , R & D systems Cat: AF-453-NA) and detected with anti-goat HRP-DAB cell staining kit (R & D systems; CTS008). Sections were counter-stained with hematoxylin, mounted in DPX, and photographed using a light microscope.
Cytokine enzyme-linked immunosorbent assay . Tumor necrosis factor, KC, MIP-2, MMP-9 (all R & D systems), and IL-6 and IL-17A (eBioscience) in bronchoalveolar lavage fluid were quantified using Duoset ELISA kits following the manufacturer ' s instructions. Microtiter plates (Nunc, Roskilde, Denmark) were coated with 100 l of capture antibody diluted in the recommended buffer and incubated according to the manufacturer ' s protocol. After 3 -5 washes with PBS containing 0.5 % Tween 20, plates were blocked with 200 l of the recommended diluent and left for 1 h at room temperature. Samples and standards (diluted in reagent diluent) were then incubated for a further 2 h at room temperature. After 3 -5 washes, bound cytokine was detected using biotinylated antibodies with avidin -horseradish peroxidase followed by tetramethylbenzidine. Optical densities were read at 450 nm using 570 nm as a reference. The mean optical density of blank wells (no cytokine) was subtracted from the results obtained for samples and standards. A standard curve was used to calculate the concentration of cytokine in each sample.
Isolation of mRNA and real-time PCR . Total lung RNA was extracted using RNeasy Mini kit (QAIGEN, West Sussex, UK), reverse transcribed into cDNA (SuperScript III Reverse transcriptase, Invitrogen), and then amplified using specific TaqMan primers and probes for the TLR-negative regulators tested. All values were normalized against the expression of 18S and then to a control (PBS sensitized) sample using ABI 7900HT (Applied Biosystems, CA) sequence detection system and software. The primers for the genes of interest were purchased from Applied Biosystems: Tollip (Mm00445841), IRAKM (Mm00518541), A20 (Mm00437121) SOCS1 (Mm00782550), and TRIAD3A (Mm01205634).
Analysis of bone marrow neutrophils . Bone marrow from mouse femurs was flushed with Hank ' s buffered salt solution containing hydroxyethyl piperazineethanesulfonic acid 30 m M and ethylenediamine tetraacetic acid 15 m M using a 23-G needle. Clumps were disrupted using a 21-G needle and the suspension was then centrifuged at 1,200 r.p.m. for 5 min. Red blood cells were lysed using 3 ml 0.2 % NaCl followed immediately by 3 ml 1.6 % NaCl and made up to 20 ml with RPMI and 0.1 % bovine serum albumin. Cell viability was assessed using trypan blue exclusion and subsequently re-suspended in RPMI with 0.1 % bovine serum albumin. Cells were stained for neutrophils as described above. 
